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ABSTRACT 
 
The purpose of this study was to correlate ovarian antral follicle count (AFC) on 
d 28 postpartum with postpartum interval (PPI) and AFC on d 8 post-estrus in Brahman 
cows. Three-dimensional ultrasonography was performed on multiparous (n = 47) and 
primiparous cows (n = 20) on d 28 postpartum and on d 8 post-estrus. Follicles were 
evaluated to determine numbers of total, small (≤ 17 mm3), medium (17 mm3 to 67 
mm3), and large follicles (≥ 67 mm3) on each ovary. Estrus was detected using heat-
check bulls. Cows with AFC ≥ ½ SD above the mean were high, those within ½ SD of 
the mean were intermediate, and those ≥ ½ SD below the mean were low. Classes of 
AFC for total follicles included low (L ≤ 73), intermediate (74 ≤ I ≤ 112), and high (H ≥ 
113). Classes of AFC for small follicles included low (L ≤ 55), intermediate (56 ≤ I ≤ 
87), and high (H ≥ 88). Classes of AFC for medium follicles included low (L ≤ 13), 
intermediate (14 ≤ I ≤ 23), and high (H ≥ 24). Classes of AFC for large follicles included 
low (L ≤ 2), intermediate (3 ≤ I ≤ 4), and high (H ≥ 5). The PROC MIXED procedure of 
SAS was used to analyze classes of AFC. The PPI differed among classes of total (P < 
0.01; L = 76.2 ± 6.0, I = 61.7 ± 4.5, H = 43.8 ± 6.5), small (P < 0.01; L = 74.3 ± 5.6, I = 
64.6 ± 4.8, H = 42.9 ± 5.9), and medium AFC (P = 0.04; L = 72.3 ± 5.9, I = 59.3 ± 5.8, 
H = 52.1 ± 5.8). The PROC REG procedure of SAS was used to analyze AFC and PPI. 
As total AFC on d 28 postpartum increased, PPI decreased (P < 0.01, Adj.R2 = 0.13). 
Total AFC on d 8 post-estrus was positively affected by total AFC on d 28 postpartum 
(P < 0.01, Adj.R2 = 0.66). These results suggest that: a) populations of total, small, and 
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medium follicles in the postpartum period predict PPI in Brahman females and b) total 
AFC in Brahman females are consistent. 
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NOMENCLATURE 
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CHAPTER I  
INTRODUCTION AND LITERATURE REVIEW 
 
With the continued rise of the world’s population, food security is an issue 
concerning many industries, including animal agriculture. To accommodate the increase 
in population, livestock production systems must increase production through increased 
animal numbers, or more importantly, through improved efficiency of production. More 
specifically, increasing reproductive performance dramatically impacts the overall 
efficiency of production.  
In beef cattle, the postpartum interval (PPI) is the duration of time in which a 
cow experiences postpartum anestrus from calving to subsequent return to ovarian 
cyclicity as noted by expression of behavioral estrus, followed by ovulation and the 
presence of a functional corpus luteum. To maintain a successful 365-d calving interval, 
and to maximize the efficiency of the animal, it is imperative that cows and heifers 
become pregnant no later than 73 d post-calving, considering the average gestation 
length of a Brahman female is 292 d (Plasse et al., 1968). Cows and heifers that are able 
to complete uterine involution and return to ovarian cyclicity in a shorter amount of time 
are able to be inseminated and conceive sooner and will therefore calve earlier within the 
next calving season. Lesmeister et al. (1973) reported that cows that calve earlier in their 
first calving season produce more kilograms of calf throughout their lifetime compared 
to cows that calve later in their first calving season. More specifically, it has been 
reported that heifer calves born earlier within the calving season have an increased 
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percent estrous cycling (prior to the breeding season) and an overall increase in 
pregnancy rates when compared to those heifers born later within the calving season 
(Funston et al., 2012). Therefore, a shorter PPI is important for increasing both the 
reproductive and overall production efficiency as well as the profitability of both the 
present and future generations of the beef herd.  
Within and on the ovary are follicles. Each follicle houses a single oocyte that 
may eventually ovulate in preparation for fertilization. As a follicle develops, it forms a 
fluid filled cavity called an antrum. Numbers of antral follicles have been shown to be 
associated with many reproductive parameters (Erickson et al., 1976; Ireland et al., 
2008; Cushman et al., 2009; Jimenez-Krassel et al., 2009). Antral follicle count (AFC) 
has recently been associated with the ability of heifers to conceive early within the 
breeding season, therefore affecting lifetime productivity. Additionally, cows with high 
numbers of antral follicles, after initiating reproductive cycles, have fewer services per 
conception when compared with those cows with low numbers of antral follicles (Mossa 
et al., 2012). Overall, antral follicle count could be included in the selection criteria for 
culling or replacing females in the herd as well as selection for estrous synchronization, 
timed-AI, or embryo transfer protocols based on their potential reproductive 
performance. This would allow for managerial decisions to be made at an earlier stage of 
production, therefore saving the time and money that go into estrous synchronization and 
breeding protocols. Therefore, this experiment was designed with the goal to provide the 
beef industry with valuable information regarding the improvement of the efficiency of 
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production; thereby, enabling provision of beef to more consumers with utilization of 
fewer resources and reduction of the overall cost of production. 
Folliculogenesis 
Ovarian folliculogenesis allows for optimum reproductive performance through 
oocyte maturation. Follicle growth and ovulation are both parts of folliculogenesis. More 
specifically, folliculogenesis is the development of a mature, preovulatory follicle from a 
pool of non-growing primordial follicles (Spicer and Echternkamp, 1986). Primordial 
follicles are those follicles located in the periphery of the ovary that contain an oocyte 
surrounded by a single layer of squamous epithelium (Rajakoski, 1960). At birth, all 
oocytes are formed and female calves have around 100,000 primordial follicles 
(Erickson, 1966; Spicer and Echternkamp, 1986). Primordial follicles are then recruited 
for growth throughout reproductive life or lost to atresia (Webb et al., 2016). The 
significance of atresia is noted by 15 to 20 years of age in cattle, when a female will 
have around 3,000 primordial follicles remaining (Rajakoski, 1960).  
As a primordial follicle transforms into a growing follicle, the squamous 
epithelium becomes cuboidal and mitotic (Rajakoski, 1960). Furthermore, as 
development continues, the formation of an antrum classifies a follicle as a Graffian 
follicle (Rajakoski, 1960). While antral follicles can grow to different sizes, the number 
of follicles within each size category is dependent on the number of follicles that 
develop from pre-antral to antral stages, the number of follicles that continue to grow 
once developing an antrum, and the number of follicles that are lost to atresia between 
each developmental stage (Spicer and Echternkamp, 1986).  
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Follicles develop in distinct waves before puberty, during the estrous cycle, 
during pregnancy, and during postpartum anestrus through the process of recruitment, 
selection, and then dominance. Recruitment is characterized by a cohort of three to six 
follicles growing beyond the rest of the follicular pool to < 5 mm in diameter (Fortune, 
1993) and is dictated by threshold levels of peripheral FSH (Webb et al., 2016). During 
the selection phase, one follicle is selected from the cohort to grow larger than the 
others, becoming dominant (Fortune, 1993). In the cow, the selection stage is noted 
when a single follicle reaches 7 to 9 mm in diameter (Webb et al., 2016). The dominance 
stage is reached when the other follicles in the cohort regress and the growth of smaller 
follicles is suppressed (Fortune, 1993). In cattle, the dominant follicle is morphologically 
larger by approximately 2 mm relative to the other follicles in the selected cohort (Roche 
et al., 1998).  
Antral Follicle Count 
Antral follicle count (AFC) is the number of follicles present on both ovaries and 
has been reported to be associated with many reproductive parameters affecting many 
areas of reproductive efficiency (Erickson et al., 1976; Ireland et al., 2008; Cushman et 
al., 2009; Jimenez-Krassel et al., 2009). While the number of follicles present on the 
ovaries is highly variable between cows (Erickson, 1966; Burns et al., 2005; Cushman et 
al., 2009), AFC is highly repeatable (0.95) within the same cow (Burns et al., 2005). 
More specifically, Cushman et al. (2009) reported that as the number of follicles 
increased on the left ovary, the number of follicles on the right ovary also increased and 
the total number of follicles present is not influenced by the stage of the estrous cycle or 
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the stage of a single wave within the estrous cycle. Additionally, the number of follicles 
is not significantly different between waves of a single estrous cycle within a cow 
(Fortune et al., 1988). These findings support the repeatability of antral follicle count 
within a specific cow. The repeatability of AFC despite the stage of the estrous cycle 
shows that large follicles that may achieve dominance do not decrease AFC at that point 
of the follicular wave. Burns et al. (2005) observed that the majority of follicles that 
were counted measured between 3 and 3.9 mm in diameter. In another experiment, the 
number of follicles measuring 2 to 3 mm in diameter represented 45% of the total 
number of follicles counted during the postpartum period (Singh et al., 2004). Therefore, 
differences in the number of small follicles present may result in the high variation 
observed between cows. Furthermore, Starbuck-Clemmer et al. (2007) reported that 
AFC is highly repeatable within cows when small follicles are recorded consistently and 
carefully. More specifically, the number of follicles measuring 2 to 3 mm that were 
present at the beginning of a follicular wave within an estrous cycle, as determined with 
two-dimensional ultrasound, was correlated with the number of follicles present of the 
same size category at a random day of a follicular wave within an estrous cycle (Singh et 
al., 2004).  
Erickson et al. (1976) specified that compared to those from infertile cows, 
ovaries from fertile cows had greater numbers of primordial as well as growing follicles, 
suggesting that infertile cows are deficient in their ability to transfer primordial follicles 
to the growing stage (Erickson, 1966; Erickson et al., 1976). In the broadest sense, a 
female that has achieved puberty and has greater numbers of antral follicles is more 
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likely to produce more offspring in her lifetime compared to a pubertal female with 
fewer numbers of antral follicles (Erickson, 1966). More specifically, dairy cows with a 
high antral follicle count had greater odds (3.34 times) of being pregnant by the end of 
the breeding season when compared to those with a low antral follicle count (Mossa et 
al., 2012). In an intensive study focusing on dairy cattle, cows with greater numbers of 
follicles measuring ≥ 2 mm were more fertile in the sense that they were more likely to 
show behavioral estrus and ovulate within the first month of the breeding season 
compared to cows with fewer numbers of follicles (Martinez et al., 2016). However, 
when comparing cows of high and low fertility, there was no difference in the number of 
follicles measuring ≥ 5 mm during the estrous cycle (Oliveira et al., 2002), showing the 
plausible importance of smaller sized follicles. Additionally, Cushman et al. (2009) 
reported that neonatal beef heifers with low birth weights had low antral follicle numbers 
and mature beef cows with low antral follicle numbers and decreased pregnancy rates 
when compared with beef cows with high antral follicle numbers.  
Antral follicle count has also been related to corpus luteum formation and 
function. It has been reported that dairy cattle with low antral follicle counts had 30% to 
50% lower concentrations of progesterone during the luteal phase of the estrous cycle 
despite having corpora lutea of similar sizes when compared to cattle with high antral 
follicle counts (Jimenez-Krassel et al., 2009). Therefore, low numbers of antral follicles 
are associated with subsequently reduced function of the corpus luteum and infertility.  
Antral follicle count is also influenced by nutritional factors. Lammoglia et al. 
(1997) reported that Brahman cows supplemented with rice bran had greater numbers of 
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medium sized follicles during an ovulatory follicular wave, while having statistically 
similar ovarian weights and areas, CL weights and areas, and dominant follicle sizes 
compared to cows not receiving fat supplementation. More specifically, Gong et al., 
(1991) reported that heifers treated with bovine somatotropin had significantly greater 
numbers of antral follicles and higher circulating concentrations of IGF-I. Similarly, 
administering a dose of bovine somatotropin increased the number of small (< 5 mm) 
follicles by 36% and increased circulating concentrations of IGF-I in Bos indicus cattle 
(Buratini et al., 2000). 
Prostaglandins may influence antral follicle count. Cows that were treated with 
PGF2α had significantly greater numbers of total follicles present 15 d after calving and 
significantly greater numbers of large follicles on each ovary 35 d after calving 
(Villeneuve et al., 1988). Villeneuve et al., (1988) also found that the mitotic index in 
follicles of those heifers treated with PGF2α was greater 35 d after calving, suggesting 
that PGF2α may stimulate the mitogenic activity of follicles. 
Postpartum Interval 
The postpartum interval is the time of anestrus after calving when a cow is not 
experiencing estrous cycles, and therefore, cannot become pregnant. During the last few 
weeks of gestation, progesterone concentrations are elevated which, through negative 
feedback mechanisms at the hypothalamic level, causes circulating gonadotropin 
concentrations to decrease. This in turn causes the diameter of dominant follicles to 
decrease and follicular waves to stop occurring altogether immediately after calving 
(Ginther et al., 1996). However, 7 to 18 d post-calving, follicular waves are initiated and 
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the first dominant follicle develops (Murphy et al., 1990; Stagg et al., 1995). 
Additionally, Stagg et al., (1995) reported that follicular growth and dominant follicle 
development occurred shortly after calving in cows that had prolonged postpartum 
anestrus periods. Therefore, this shows that postpartum anestrus is due to failure of a 
dominant follicle to ovulate, instead of developmental failure.  
Calving distribution and the subsequent length of the PPI has an impact on 
lifetime productivity of the herd. In any given production operation, a single cow is 
expected to raise one calf every year. Knowing that the average gestation length of a 
Brahman female is 292 days (Plasse et al., 1968), it is imperative that Brahman cows and 
heifers are pregnant no later than 73 d post-calving in order to maintain a successful 365 
day calving interval. It has been reported that heifers calving early within the calving 
season are more likely to rebreed following calving (Lesmeister et al., 1973). This is 
based on the fact that heifers calving earlier within the calving season will have more 
time to complete uterine involution and return to estrus during a limited breeding season. 
This is important as heifers are trying to lactate, complete uterine involution, and return 
to estrus all while still growing. Calving distribution also impacts calf production as 
heifers that are born early in the calving season to cows with a shorter PPI have 
increased pre-breeding and pre-calving weights, an increased percent estrous cycling 
prior to the breeding season, and increased pregnancy rates compared to heifers that are 
born late in the calving season (Funston et al., 2012). Similarly, Funston et al. (2012) 
found that steer calves born in the first 21 d of the calving season had increased weaning 
weights and carcass quality, increased marbling scores, and were more profitable overall 
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compared to their late-born counterparts. This indicates that the positive impacts of a 
shorter PPI span generations and will continue to increase the efficiency of the herd. 
Postpartum interval has been shown to be influenced by many factors, including 
nutrition and body condition. In a dairy system, cows that lost body condition from 
calving to breeding were less likely to exhibit behavioral estrus before breeding (Roche 
et al., 2007). Additionally, failure to meet the energy or protein requirements of a cow 
before or after calving extends PPI and lowers first-service conception rates (Randel, 
1990). Rocha et al. (2015) reported that cows with a long PPI had lower body condition 
scores from d 21 to 28 after calving compared to cows with a short or moderate PPI. 
More specifically, insulin-like growth factor-I (IGF-I) mediates postpartum reproductive 
performance. When supplemented with undegraded intake protein before and after 
calving, crossbred Angus heifers with a short (< 50 d) PPI had greater concentrations of 
circulating IGF-I during the first 30 d after calving compared to heifers with a medium 
(51 to 65 d) or long (66 to 130 d) PPI (Strauch et al., 2001). More specifically, Strauch et 
al. (2001) reported that an increase of 1 ng/mL in circulating IGF-I during the 
postpartum period corresponded to a 0.13 d decrease in PPI. Similarly, in dairy cattle, 
cows who returned to ovarian cyclicity within 7 weeks of calving had greater 
concentrations of circulating IGF-I in the first two weeks of the postpartum period 
compared to those cows that did not return to ovarian cyclicity in that time period 
(Konigsson et al., 2008).   
Many studies have researched prostaglandin (PGF2α) as a potential regulator of 
PPI due to its role in increasing uterine tone and hastening uterine involution. There is a 
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significantly positive correlation between the time required for uterine involution and the 
length of PPI (Madej et al., 1984). When alfaprostol, a PGF2α analog, was administered 
32 d after calving, the length of PPI decreased, and first-service conception rates 
increased (Randel et al., 1988). Additionally, treatment with alfaprostol between d 29 
and 42 after calving decreased the PPI in multiparous cows while also increasing the 
pregnancy rate to embryo transfer (Tolleson and Randel, 1988). Tolleson and Randel 
(1988) also reported that manual stimulation of the reproductive tract decreased the PPI, 
likely by releasing endogenous PGF2α. Similarly, manipulating the uterus of multiparous 
Brahman cows one time between 29 and 35 d after calving increased the percentage of 
cows conceiving early within the breeding season compared to cows receiving weekly 
uterine manipulation or no uterine manipulation (Velez et al., 1991). Concentrations of 
13-14 dihydro-15-keto-prostaglandin F2α (PGFM) in a peripheral vessel is a good 
indicator of the production of PGF2α from the uterus (Guilbault et al., 1984). 
Furthermore, there is a significantly negative correlation between the length of time 
where PGFM concentrations are elevated and the days required to complete uterine 
involution as shown in dairy cows (Lindell et al., 1982). More specifically, the more 
days with elevated PGFM concentrations, the fewer days required to complete uterine 
involution (Lindell et al., 1982). Velez and Randel (1993) reported that cows with a 
short PPI (25 to 42 d) had greater plasma concentrations of PGFM when compared to 
cows with a medium (52 and 72 d) or long (75 and 92 d) PPI.  
Postpartum interval has also been reported to be influenced by follicular activity. 
During the postpartum period, cows considered to be more fertile had greater numbers of 
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follicles that measured > 5 mm compared to cows considered to be less fertile (Oliveira 
et al., 2002). Mossa et al., (2012) found that cows with fewer numbers of antral follicles 
had a longer interval from calving to conception and more services per conception 
compared to cows having greater numbers of antral follicles. Similarly, an intensive 
study involving dairy cattle in a New Zealand pasture-based system found that cows 
with greater numbers of total follicles had shorter intervals from calving to first 
breeding, as well as to conception by AI (Martinez et al., 2016). Heifers that calved 
within the first 32 days of the calving season had significantly greater numbers of antral 
follicles when compared to heifers that gave birth later within the calving season 
(McNeel and Cushman, 2015). Additionally, McNeel and Cushman, (2015) also found 
that as day of calving progressed within the calving season, the number of antral follicles 
present before the breeding season decreased. Additionally, cows having a shorter PPI 
had larger follicles on d 21 to 28 after calving when compared to cows having a longer 
PPI (Rocha et al., 2015).  
Bos indicus Ovarian Function 
When comparing cattle of different genetic basis, there are many differences 
between Bos indicus and Bos taurus cattle. Bos indicus cattle have greater numbers of 
total follicles and larger ovaries when compared to Bos taurus cattle (Segerson et al., 
1984). More specifically, Brahman cattle have significantly more small (2-5 mm) and 
medium (6-8 mm) sized follicles than Angus cattle (Alvarez et al., 2000). Segerson et 
al., (1984) found that Brahman cattle had heavier ovaries (contributed to greater stromal 
weights), and significantly greater numbers of follicles measuring < 5 mm in diameter, 
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whereas Angus cattle had greater numbers of follicles measuring > 5 mm in diameter. 
Despite having larger ovaries, Bos indicus heifers have significantly smaller corpora 
lutea compared to Bos taurus heifers (Irvin et al., 1978). Additionally, Irvin et al. (1978) 
reported that Brahman heifers appear to have decreased total luteal progesterone 
concentrations compared to Hereford heifers.   
Summary 
Improving the general fertility of a cow herd through selection increases 
reproductive efficiency and therefore, improves overall performance in a commercial 
production operation. The number of antral follicles present on the ovaries have been 
shown to be directly related to reproductive efficiency (Erickson et al., 1976; Ireland et 
al., 2008; Cushman et al., 2009; Jimenez-Krassel et al., 2009). However, the same 
relationships are less clear in Brahman cattle. In order to maintain a yearly calving 
interval, a Brahman cow must become pregnant by 73 days after calving given that the 
average gestation length is 292 days (Plasse et al., 1968). Therefore, cows having a 
shorter PPI who return to ovarian cyclicity sooner after calving are at an advantage.  
This project was designed to determine the relationships between the length of 
the PPI and the numbers of follicles present at two different stages of production, 28 d 
postpartum and 8 d post-estrus, in Brahman females. More specifically, antral follicle 
counts including the total number of follicles, the number of follicles < 3 mm in 
diameter, the number of follicles from 3 to 6 mm in diameter, and the number of follicles 
> 6 mm in diameter were correlated with the length of the PPI in Brahman females. 
Additionally, relationships between antral follicle counts of each size category as well as 
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PPI, plasma concentrations of PGFM, and serum concentrations of P4, IGF-I, GH, and 
insulin were determined. Predictions of PPI given the total number of follicles present on 
d 28 postpartum, PPI given body weight, body condition score, plasma concentrations of 
PGFM, and serum concentrations of P4, IGF-I, GH, and insulin, as well as the total 
number of follicles present on d 8 post-estrus given the total number of follicles present 
on d 28 postpartum were determined. Finally, the practicality of utilizing 3D 
ultrasonography and SonoAVC software to determine AFC were determined. 
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CHAPTER II 
RELATIONSHIPS BETWEEN ANTRAL FOLLICLE NUMBERS  
AND POSTPARTUM INTERVAL IN BRAHMAN FEMALES 
 
Introduction 
Knowing that Bos indicus cattle have greater numbers of follicles and heavier 
ovaries when compared to Bos taurus cattle (Segerson et al., 1984), further investigation 
is needed to determine the influence of antral follicle count in Bos indicus cattle during 
the postpartum period. Additionally, it is not completely understood how numbers of 
antral follicles in the postpartum period relate to numbers of follicles during estrous 
cyclicity in Bos indicus cattle. Furthermore, using three-dimensional ultrasonography not 
only allows for more accurate results, but allows for smaller follicles to be detected that 
would otherwise go unnoticed when using conventional two-dimensional 
ultrasonography. Based on the current knowledge base at inception of this study, we 
hypothesized that numbers of antral follicles detected on d 28 post-calving were 
negatively correlated with the length of the PPI in Brahman females. Additionally, we 
hypothesized that numbers of antral follicles present on d 28 post-calving were 
positively correlated with the numbers of antral follicles present on d 8 post-estrus.  
Materials and Methods 
All experimental procedures were approved by the Texas A&M AgriLife 
Research Agriculture Animal Care and Use Committee (AUP# 2017-003A). This 
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experiment took place six miles north of Overton, Texas at the Texas A&M AgriLife 
Research and Extension Center north farm. 
Brahman cows (n = 47) and heifers (n = 20) were evaluated for gross weight and 
body condition score (1 = emaciated, 9 = obese) at 28 d intervals throughout the last 90 d 
of gestation. From December 2016 through August 2017, cows and heifers were kept on 
pastures consisting of Cynodon dactylon overseeded with Secale cereale and Lolium. In 
addition to pasture and free choice Cynodon dactylon hay, cows and heifers were fed 
roughly 3.6 kg of a 3:1 corn to corn gluten grain mix per day beginning roughly 90 days 
prior to the start of the calving season. Grain and Cynodon dactylon hay were 
supplemented as needed to cows and heifers post-calving until August 2017.  
 Immediately following calving, cows and heifers were kept with vasectomized, 
penile-deviated bulls fitted with chin-ball markers to determine estrus expression. Cows 
and heifers were observed at least twice daily for estrus activity. On d 28 after calving, 
blood samples were collected and processed to yield serum for progesterone (P4), 
insulin-like growth factor-I (IGF-I), growth hormone (GH), and insulin assays while 
another blood sample was collected and processed to yield plasma for 13,14-dihydro-15-
keto-PGF2α (PGFM) assays. Growth hormone, IGF-I, insulin, and PGFM assays were 
used as biomarkers when examining correlations between antral follicle count and PPI. 
Progesterone assays were used to determine the presence of a fully functional corpus 
luteum indicated by serum concentrations at or above 1 ng/mL; therefore, return to 
ovarian cyclicity post-calving and PPI. Antral follicle numbers and sizes were recorded 
on each ovary on d 28 after calving by three-dimensional (3D) ultrasonography (GE 
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Voluson I: SonoAVC). Following d 28 postpartum data collection, weekly blood 
samples were collected and processed to yield serum for progesterone assays to 
determine corpus luteum formation and function in the event of a non-behavioral or 
“silent” estrus. Additionally, among the cows and heifers that were observed in estrus, 
the presence of a corpus luteum was confirmed via 3D ultrasound on d 8 post-estrus. 
Additionally, on d 8 post-estrus, the number of ovarian antral follicles was determined a 
second time using 3D ultrasonography. The presence of a mature, fully functioning 
corpus luteum after expression of estrus confirmed the return to ovarian cyclicity post-
calving and therefore, indicated the length of the PPI. Weekly blood sampling ceased 
when an individual cow expressed estrus and a corpus luteum was present on the ovary.  
Furthermore, cows and heifers were subjected to a 45-d artificial insemination 
period followed by a 45-d natural service period. Cows returning to estrus after artificial 
insemination were subjected to artificial insemination again for the duration of the 45-d 
period. During the 45-d natural service period, estrus expression was detected using tail 
paint. Tail paint was reapplied to cows at each weekly blood sampling to ensure accurate 
estrus detection. 
SonoAVC software was used to determine ovarian antral follicle counts from 3D 
ultrasonography images collected on d 28 post-calving and d 8 post-estrus. However, 
each image was subjected to a manual editing process to ensure the highest accuracy of 
AFC. Follicles were sized based on volume and subsequently counted for each size 
category. Small AFC consisted of the number of antral follicles measuring < 17 mm3 (< 
3 mm in diameter). Medium AFC consisted of the number of antral follicles measuring 
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from 17 to 67 mm3 (3 – 6 mm in diameter). Large AFC consisted of the number of antral 
follicles measuring > 67 mm3 (> 6 mm in diameter). Total AFC consisted of the absolute 
total number of antral follicles present on each ovary. Similarly, images collected on d 8 
post-estrus were used to determine the diameter as well as the volume of the corpus 
luteum. More specifically, the largest diameter of the corpus luteum was measured on 
each plane (x, y, z) of the image, which correlated with the major (d1), minor (d2), and 
vertical (d3) axes of an ellipse. The formula ( 
π
6
∗ d1 ∗ d2 ∗ d3 ) for the volume of an 
ellipse was used to determine the gross volume of the corpus luteum. The net volume of 
the corpus luteum was determined by subtracting the volume of the cavity (if present, 
determined using SonoAVC software) from the gross volume of the corpus luteum. 
Plasma concentrations of PGFM were determined by ELISA kit that is 
commercially available from Caymen Chemical, Ann Arbor, Michigan. Intra-assay 
%CV was determined to be 3.2%. Inter-assay %CV was determined to be 5.9%. Serum 
concentrations of IGF-I were determined by ELISA kit that is commercially available 
from ALPCO, Salem, New Hampshire. Intra-assay %CV was determined to be 6.8%. 
Inter-assay %CV was determined to be 8.8%. Serum concentrations of insulin were 
determined by ELISA kit that is commercially available from ALPCO, Salem, New 
Hampshire. Intra-assay %CV was determined to be 3.9%. Inter-assay %CV was 
determined to be 4.7%. Serum concentrations of growth hormone were determined by 
ELISA kit that is commercially available from MyBioSource, Inc., San Diego, 
California. Intra-assay %CV was determined to be 7.3%. Inter-assay %CV was 
determined to be 11.7%. Serum concentrations of progesterone were determined by 
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radioimmunoassay kit that is commercially available from MP Biomedicals, LLC, 
Solon, Ohio. The intra-assay %CV was determined to be 5.6%. 
Statistical Analysis 
High, intermediate, and low classes of antral follicle count were determined 
using the mean and standard deviation for numbers of follicles in each size category as 
well as for the total number of follicles. The high class of antral follicle count included 
those females that had numbers of follicles ≥ ½ SD above the mean. The intermediate 
class of antral follicle count included those females that had numbers of follicles within 
½ SD of the mean. The low class of antral follicle count included those females that had 
numbers of follicles ≥ ½ SD below the mean (tables 1 and 2). Similarly, long, 
intermediate, and short classes of PPI were determined using the mean and standard 
deviation. The long class of PPI included those females that had a PPI ≥ ½ SD above the 
mean. The intermediate class of PPI included those females that had a PPI within ½ SD 
of the mean. The short class of PPI included those females that had a PPI ≥ ½ SD below 
the mean (tables 3 and 4). This process was used to determine classes of AFC and PPI 
for a population including multiparous Brahman cows only as well as a population 
including both multiparous Brahman cows and primiparous Brahman heifers. 
The PROC MIXED procedure of SAS was used to analyze potential differences 
in the length of the PPI, concentrations of IGF-I, concentrations of insulin, 
concentrations of PGFM, concentrations of P4 on d 8 post-estrus, volume of the corpus 
luteum on d 8 post-estrus, largest follicular diameter on d 28 postpartum, and largest 
follicular volume on d 28 postpartum between classes of antral follicle count for each 
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follicular size group as well as total antral follicle count. Similarly, the PROC MIXED 
procedures of SAS was used to analyze potential differences in the concentrations of 
IGF-I, concentrations of insulin, concentrations of PGFM, concentrations of P4 on d 8 
post-estrus, volume of the corpus luteum on d 8 post-estrus, largest follicular diameter 
on d 28 postpartum, and largest follicular volume on d 28 postpartum between classes of 
PPI. The PROC CORR procedure of SAS was used to analyze potential correlations 
between the following variables: PPI, cow weight, cow BCS, concentrations of IGF-I, 
insulin, and PGFM, largest follicular diameter, largest follicular volume, and AFC on  
 
 
Table 1. Class differentiation based on the mean and standard deviation of 
numbers of follicles for each follicle category in 47 multiparous Brahman cows 
 AFC Class 
Follicle category Low Intermediate High 
Total ≤ 82 83 ≤ x ≤ 121 ≥ 122 
Small (≤ 17 cm3) ≤ 60 61 ≤ x ≤ 94 ≥ 95 
Medium (17 cm3 < x ≤ 67 cm3) ≤ 15 16 ≤ x ≤ 25 ≥ 26 
Large (> 67 cm3) ≤ 2 3 ≤ x ≤ 4 ≥ 5 
 
Table 2. Class differentiation based on the mean and standard deviation of 
numbers of follicles for each follicle category in 67 Brahman females 
 AFC Class 
Follicle category Low Intermediate High 
Total ≤ 73 74 ≤ x ≤ 112 ≥ 113 
Small (≤ 17 cm3) ≤ 55 56 ≤ x ≤ 87 ≥ 88 
Medium (17 cm3 < x ≤ 67 cm3) ≤ 13 14 ≤ x ≤ 23 ≥ 24 
Large (> 67 cm3) ≤ 2 3 ≤ x ≤ 4 ≥ 5 
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Table 3. Class differentiation based on the mean and standard deviation of 
postpartum interval (d) in 47 multiparous Brahman cows 
 PPI Class 
  Short Intermediate Long 
Postpartum interval ≤ 40 41 ≤ x ≤ 58 ≥ 59 
 
 
Table 4. Class differentiation based on the mean and standard deviation of 
postpartum interval (d) in 67 Brahman females 
 PPI Class 
  Short Intermediate Long 
Postpartum interval ≤ 47 48 ≤ x ≤ 75 ≥ 76 
 
 
d 28 post-calving, cow weight, cow BCS, AFC, and volume of the corpus luteum on d 8 
post-estrus. The PROC REG procedure of SAS was used to analyze potential simple 
regressions relating AFC, PPI, body weight, BCS, plasma concentrations of PGFM, and 
serum concentrations of P4, IGF-I, GH, and insulin. Statistical significance was 
identified at P ≤ 0.05 and statistical tendency was identified at 0.05 < P ≤ 0.10.  
Results 
Multiparous Brahman females 
The following results pertain to a population consisting of only multiparous 
Brahman cows included in the study. Table 5 summarizes the means and standard 
deviations for multiple characteristics within the population of multiparous Brahman 
cows.  
Table 6 summarizes characteristics of PPI. Postpartum interval differed among 
low, intermediate, and high classes of total AFC (Table 6; P = 0.05). Cows classified as 
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having high or intermediate numbers of total follicles had a shorter PPI compared to 
cows classified has having low numbers of total follicles (Table 6; L = 58.2 ± 4.4 d, I = 
46.4 ± 4.0 d, H = 42.8 ± 4.7 d). Additionally, PPI tended to differ among low, 
intermediate, and high classes of small AFC (Table 6; P = 0.06). Cows classified has 
having high numbers of small follicles tended to have a shorter PPI compared to cows 
classified has having low numbers of small follicles (Table 6; L = 56.8 ± 4.3 d, I = 48.6 
± 4.4 d, H = 41.7 ± 4.4 d). However, PPI did not differ among classes of medium or 
large AFC (Table 6; P > 0.05).  
Tables 7 and 8 summarize characteristics of serum concentrations of IGF-I. 
There were no differences in serum concentrations of IGF-I among low, intermediate, 
and high classes of total, small, medium, or large AFC (Table 7; P > 0.05). Similarly, 
there was no difference in serum IGF-I concentrations among short, intermediate, and 
long classes of PPI (Table 8; P > 0.05).  
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Table 5. Means and standard deviations for multiple characteristics in 47 
multiparous Brahman cows 
 Obs. Mean SD 
d 0 cow weight (kg) 43 512.9 46.7 
d 28 postpartum cow weight (kg) 46 504.3 41.8 
d 8 post-estrus cow weight (kg) 47 500.7 43.4 
d 0 cow BCS 43 7.0 0.7 
d 28 postpartum cow BCS 45 7.0 0.6 
d 8 post-estrus cow BCS 47 6.9 0.6 
Change in cow weight d 28 - d 0 (kg) 42 -4.9 15.2 
Change in cow BCS d 28 - d 0 (kg) 41 0.0 0.2 
PPI (d) 47 49.4 17.8 
d 28 postpartum total AFC – machine  46 18.1 10.4 
d 28 postpartum small AFC – machine  46 8.4 7.3 
d 28 postpartum medium AFC – machine  46 5.5 3.8 
d 28 postpartum large AFC – machine  46 4.2 2.1 
d 28 postpartum total AFC – edited 46 102.1 39.5 
d 28 postpartum small AFC – edited  46 77.5 34.0 
d 28 postpartum medium AFC – edited  46 20.6 10.7 
d 28 postpartum large AFC – edited  46 3.7 2.1 
d 28 postpartum diameter of largest follicle (mm) 45 12.7 2.8 
d 28 postpartum volume of largest follicle (cm3) 45 1.0 0.5 
d 8 post-estrus total AFC – machine  46 13.6 7.8 
d 8 post-estrus small AFC – machine  46 7.0 4.8 
d 8 post-estrus medium AFC – machine  46 3.4 2.6 
d 8 post-estrus large AFC – machine  46 3.2 2.7 
d 8 post-estrus total AFC – edited  46 97.1 34.4 
d 8 post-estrus small AFC – edited  46 71.7 28.6 
d 8 post-estrus medium AFC – edited  46 22.3 12.0 
d 8 post-estrus large AFC – edited  46 3.1 1.8 
d 8 post-estrus net CL volume (cm3) 46 5.9 2.5 
d 28 postpartum GH (ng/mL) 28 24.0 17.1 
d 28 postpartum IGF-I (ng/mL) 47 134.0 54.2 
d 28 postpartum insulin (ng/mL) 47 0.4 0.2 
d 28 postpartum PGFM (pg/mL) 47 783.3 431.6 
d 8 post-estrus P4 (ng/mL) 47 2.7 0.9 
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Table 6. Length of postpartum interval (d) for classes of AFC for each follicle category in 47 multiparous 
Brahman cows 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total AFC 15 58.2 ± 4.4 a 18 46.4 ± 4.0 b x 13 42.8 ± 4.7 b 0.05 
Small AFC (≤ 17 cm3) 16 56.8 ± 4.3 x 15 48.6 ± 4.4 xy 15 41.7 ± 4.4 z 0.06 
Medium AFC (17 cm3 < x ≤ 67 cm3) 18 53.3 ± 4.2 x  11 44.8 ± 5.4 xv 17 47.8 ± 4.4 x 0.44 
Large AFC (> 67 cm3) 17 48.6 ± 4.4 x 14 48.4 ± 4.9 x x 15 50.7 ± 4.7 x 0.93 
 
 
 
 
 
 
 
 
a-c Means without a common superscript differ within a row (P ≤ 0.05) 
x-z Means without a common superscript tend to differ within a row (0.05 ≤ P ≤ 0.1) 
Total AFC: Low ≤ 82, Intermediate 83 ≤ x ≤ 121, High ≥ 122 
Small AFC: Low ≤ 60, Intermediate 61 ≤ x ≤ 94, High ≥ 95 
Medium AFC: Low ≤ 15, Intermediate 16 ≤ x ≤ 25, High ≥ 26 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
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Table 7. Serum concentrations of IGF-I (ng/mL) for classes of AFC within each follicle category at d 28 
postpartum in 47 multiparous Brahman cows  
 AFC Class 
P -  value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 15 130.4 ± 14.1 18 126.3 ± 12.9 13 143.9 ± 15.1 0.67 
Small (≤ 17 cm3) 16 129.1 ± 13.7 15 129.6 ± 14.2 15 139.3 ± 14.2 0.85 
Medium (17 cm3 < x ≤ 67 cm3) 18 122.9 ± 12.5 11 120.3 ± 16.0 17 150.9 ± 12.9 0.21 
Large (> 67 cm3) 17 117.4 ± 12.9 14 152.7 ± 14.2 15 131.1 ± 13.7 0.19 
 
 
 
 
Table 8. Serum concentrations of IGF-I (ng/mL) for classes of postpartum interval at d 28 postpartum 
in 47 multiparous Brahman cows  
 PPI Class 
P - value  Long Intermediate Short 
 No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 10 124.2 ± 17.3 24 141.0 ± 11.2 13 128.8 ± 15.2 0.66 
Total AFC: Low ≤ 82, Intermediate 83 ≤ x ≤ 121, High ≥ 122 
Small AFC: Low ≤ 60, Intermediate 61 ≤ x ≤ 94, High ≥ 95 
Medium AFC: Low ≤ 15, Intermediate 16 ≤ x ≤ 25, High ≥ 26 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 59, Intermediate 41 ≤ x ≤ 58, Short ≤ 40 
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Tables 9 and 10 summarize characteristics of serum concentrations of insulin. 
There were no differences in serum concentrations of insulin among classes of total, 
small, or medium AFC (Table 9; P > 0.05). However, when categorizing cows into high 
(above the mean, n = 20) and low (below the mean, n = 26) classes, cows having high 
numbers of medium sized follicles tended to have greater serum concentrations of 
insulin compared to cows having low numbers of medium sized follicles (P = 0.08; L = 
0.39 ± 0.04 ng/mL, H = 0.51 ± 0.05 ng/mL). However, serum concentrations of insulin 
differed among low, intermediate, and high classes of large sized follicles (Table 9; P = 
0.02). Cows classified as having intermediate numbers of large follicles had greater 
serum concentrations of insulin when compared to cows classified as having low and 
high numbers of large follicles (L = 0.37 ± 0.05 ng/mL, I = 0.58 ± 0.06 ng/mL, H = 0.40 
± 0.05 ng/mL). There was no difference in serum concentrations of insulin among PPI 
classes (Table 10; P = 0.67). 
Tables 11 and 12 summarize characteristics of plasma concentrations of PGFM. 
There were no differences in plasma concentrations of PGFM among classes of total, 
small, or medium AFC (Table 11; P > 0.05). However, plasma concentrations of PGFM 
differed among low, intermediate, and high classes of large sized follicles (P = 0.01). 
Cows classified as having high numbers of large follicles had greater plasma 
concentrations of PGFM compared to cows classified as having low or intermediate 
numbers of large follicles (L = 667.4 ± 96.3 pg/mL, I = 651.7 ± 106.2 pg/mL, H = 
1062.6 ± 102.6 pg/mL). Additionally, there were no differences in plasma concentrations 
of PGFM among classes of PPI (Table 12; P = 0.65). 
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Table 9. Serum concentrations of insulin (ng/mL) for classes of AFC within each follicle category at d 28 
postpartum in 47 multiparous Brahman cows 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 15 0.41 ± 0.06 a 18 0.41 ± 0.05 a 13 0.53 ± 0.06 a 0.24 
Small (≤ 17 cm3) 16 0.40 ± 0.06 a 15 0.44 ± 0.06 a 15 0.50 ± 0.06 a 0.47 
Medium (17 cm3 < x ≤ 67 cm3) 18 0.40 ± 0.05 a 11 0.39 ± 0.07 a 17 0.53 ± 0.05 a 0.16 
Large (> 67 cm3) 17 0.37 ± 0.05 a 14 0.58 ± 0.06 b 15 0.40 ± 0.05 a 0.02 
 
 
 
 
 
Table 10. Serum concentrations of insulin (ng/mL) for classes of postpartum interval at d 28 postpartum 
in 47 multiparous Brahman cows 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 10 0.44 ± 0.07 24 0.46 ± 0.05 13 0.39 ± 0.06 0.67 
 
a-c Means without a common superscript differ within a row (P ≤ 0.05) 
Total AFC: Low ≤ 82, Intermediate 83 ≤ x ≤ 121, High ≥ 122 
Small AFC: Low ≤ 60, Intermediate 61 ≤ x ≤ 94, High ≥ 95 
Medium AFC: Low ≤ 15, Intermediate 16 ≤ x ≤ 25, High ≥ 26 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 59, Intermediate 41 ≤ x ≤ 58, Short ≤ 40 
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Table 11. Plasma concentrations of PGFM (pg/mL) for classes of AFC within each follicle category at d 28 
postpartum in 47 multiparous Brahman cows 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 15 790.4 ± 113.8 a 18 832.6 ± 103.9 a 13 735.9 ± 122.2 0.83 
Small (≤ 17 cm3) 16 793.4 ± 109.5 a 15 867.7 ± 113.1 a 15 713.2 ± 113.1 0.63 
Medium (17 cm3 < x ≤ 67 cm3) 18 780.5 ± 104.0 a 11 749.3 ± 133.1 a 17 830.4 ± 107.0 0.89 
Large (> 67 cm3) 17 667.4 ± 96.3 a 14 651.7 ± 106.2 a 15 1062.6 ± 102.6 b 0.01 
 
 
 
 
 
Table 12. Plasma concentrations of PGFM (pg/mL) for classes of postpartum interval at d 28 
postpartum in 47 multiparous Brahman cows 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 10 705.7 ± 138.2 24 768.1 ± 89.2 13 870.9 ± 121.2 0.65 
 
a-c Means without a common superscript differ within a row (P ≤ 0.05) 
Total AFC: Low ≤ 82, Intermediate 83 ≤ x ≤ 121, High ≥ 122 
Small AFC: Low ≤ 60, Intermediate 61 ≤ x ≤ 94, High ≥ 95 
Medium AFC: Low ≤ 15, Intermediate 16 ≤ x ≤ 25, High ≥ 26 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 59, Intermediate 41 ≤ x ≤ 58, Short ≤ 40 
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Tables 13 and 14 summarize characteristics of serum concentrations of 
progesterone. There were no differences in serum concentrations of progesterone on d 8 
post-estrus among classes of total, small, medium, or large AFC (Table 13; P > 0.05). 
Similarly, there was no difference in serum concentrations of progesterone on d 8 post-
estrus among classes of PPI (Table 14; P > 0.05).  
Tables 15 and 16 summarize characteristics of the net volume of the corpus 
luteum. There were no differences in the net volume of the corpus luteum present on d 8 
post-estrus among classes of total, small, medium, or large AFC (Table 15; P > 0.05). 
Similarly, there was no difference in the net volume of the corpus luteum present on d 8 
post-estrus among classes of PPI (Table 16; P > 0.05). 
Tables 17 and 18 summarize characteristics of the diameter of the largest follicle 
on d 28 postpartum. There were no differences in the diameter of the largest follicle on d 
28 postpartum among classes of total, small, medium, or large AFC (Table 17; P > 
0.05). However, when categorizing cows into high (above the mean, n = 23) and low 
(below the mean, n = 23) classes, cows having high numbers of total follicles tended to 
have a smaller follicular diameter compared to cows having low numbers of total 
follicles (P = 0.10; L = 13.4 ± 0.6 mm, H = 12.0 ± 0.6 mm). Additionally, the diameter 
of the largest follicle on d 28 postpartum tended to differ among classes of PPI (P = 
0.06). Cows classified as having a short postpartum interval tended to a smaller follicular 
diameter on d 28 postpartum compared to cows classified as having an intermediate 
postpartum interval. 
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Table 13. Serum concentrations of progesterone (ng/mL) on d 8 post-estrus for classes of AFC within each 
follicle category in 47 multiparous Brahman cows 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 15 2.8 ± 0.2 18 2.7 ± 0.2 13 2.7 ± 0.2 0.98 
Small (≤ 17 cm3) 16 2.7 ± 0.2 15 2.9 ± 0.2 15 2.6 ± 0.2 0.71 
Medium (17 cm3 < x ≤ 67 cm3) 18 2.6 ± 0.2 11 2.7 ± 0.3 17 2.9 ± 0.2 0.75 
Large (> 67 cm3)  17 2.5 ± 0.2 14 2.8 ± 0.2 15 2.9 ± 0.2 0.54 
 
 
 
 
Table 14. Serum concentrations of progesterone (ng/mL) on d 8 post-estrus for classes of postpartum 
interval in 47 multiparous Brahman cows 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 10 3.2 ± 0.3 24 2.6 ± 0.2 13 2.5 ± 0.2 0.16 
 
 
Total AFC: Low ≤ 82, Intermediate 83 ≤ x ≤ 121, High ≥ 122 
Small AFC: Low ≤ 60, Intermediate 61 ≤ x ≤ 94, High ≥ 95 
Medium AFC: Low ≤ 15, Intermediate 16 ≤ x ≤ 25, High ≥ 26 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 59, Intermediate 41 ≤ x ≤ 58, Short ≤ 40 
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Table 15. Net volume (cm3) of corpus luteum on d 8 post-estrus for classes of AFC within each follicle 
category in 47 multiparous Brahman cows 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 15 5.8 ± 0.7 18 5.7 ± 0.6 13 6.6 ± 0.7 0.55 
Small (≤ 17 cm3) 16 6.0 ± 0.6 15 5.4 ± 0.6 15 6.5 ± 0.6 0.46 
Medium (17 cm3 < x ≤ 67 cm3) 18 6.1 ± 0.6 11 5.2 ± 0.7 17 6.5 ± 0.6 0.38 
Large (> 67 cm3) 17 5.4 ± 0.6 14 6.2 ± 0.7 15 6.5 ± 0.6 0.42 
 
 
 
 
Table 16. Net volume (cm3) of corpus luteum on d 8 post-estrus for classes of postpartum interval in 
47 multiparous Brahman cows 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 10 5.9 ± 0.8 24 6.0 ± 0.5 13 6.1 ± 0.7 0.97 
 
 
Total AFC: Low ≤ 82, Intermediate 83 ≤ x ≤ 121, High ≥ 122 
Small AFC: Low ≤ 60, Intermediate 61 ≤ x ≤ 94, High ≥ 95 
Medium AFC: Low ≤ 15, Intermediate 16 ≤ x ≤ 25, High ≥ 26 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 59, Intermediate 41 ≤ x ≤ 58, Short ≤ 40 
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Table 17. Diameter (mm) of largest follicle on d 28 postpartum for classes of AFC within each follicle 
category in 47 multiparous Brahman cows   
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 15 13.1 ± 0.7 18 12.6 ± 0.7 13 12.4 ± 0.8 0.76 
Small (≤ 17 cm3) 16 13.3 ± 0.7 15 12.3 ± 0.7 15 12.5 ± 0.8 0.62 
Medium (17 cm3 < x ≤ 67 cm3) 18 13.2 ± 0.7 11 11.8 ± 0.8 17 12.8 ± 0.7 0.41 
Large (> 67 cm3) 17 12.6 ± 0.7 14 12.3 ± 0.8 15 13.2 ± 0.7 0.72 
 
 
 
 
Table 18. Diameter (mm) of largest follicle on d 28 postpartum for classes of postpartum interval in 
47 multiparous Brahman cows 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 10 12.8 ± 0.8 xy 24 13.5 ± 0.6 x 13 11.2 ± 0.7 y 0.06 
Total AFC: Low ≤ 82, Intermediate 83 ≤ x ≤ 121, High ≥ 122 
Small AFC: Low ≤ 60, Intermediate 61 ≤ x ≤ 94, High ≥ 95 
Medium AFC: Low ≤ 15, Intermediate 16 ≤ x ≤ 25, High ≥ 26 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
x-z Means without a common superscript tend to differ within a row (0.05 ≤ P ≤ 0.1) 
PPI: Long ≥ 59, Intermediate 41 ≤ x ≤ 58, Short ≤ 40 
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Tables 19 and 20 summarize characteristics of the volume of the largest follicle 
on d 28 postpartum. There were no differences in the volume of the largest follicle on d 
28 postpartum among classes of total, small, medium, or large AFC (Table 19; P > 
0.05). Similarly, there was no difference in the volume of the largest follicle present on d 
28 postpartum among classes of PPI (Table 20; P > 0.05). 
Table 21 summarizes correlations between several characteristics within the 
population. Postpartum interval was negatively correlated with cow body weight on d 28 
postpartum (r = -0.32, P = 0.03), and tended to be positively correlated with the change 
in BCS from calving to d 28 postpartum (r = 0.29, P = 0.06). Additionally, PPI was 
negatively correlated with the number of small follicles present on d 28 postpartum (r = -
0.34, P = 0.02), and tended to be negatively correlated with the total number of follicles 
present on d 28 postpartum (r = -0.28, P = 0.06). However, PPI was not correlated with 
the number of medium (r = -0.10, P = 0.52) or large (r = 0.11, P = 0.45) follicles present 
on d 28 postpartum. 
Total AFC on d 28 postpartum was positively correlated with both small (r = 
0.96, P < 0.0001) and medium (r = 0.69, P < 0.0001) AFC on d 28 postpartum. 
However, total AFC was not correlated with large AFC on d 28 postpartum. Total AFC 
(r = 0.28, P = 0.07) as well as small AFC (r = 0.27, P = 0.08) on d 28 postpartum tended 
to be positively correlated with the body condition of a cow at calving.  
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Table 19. Volume (cm3) of largest follicle on d 28 postpartum for classes of AFC within each follicle 
category in 47 multiparous Brahman cows 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 15 1.0 ± 0.1 18 1.0 ± 0.1 13 1.0 ± 0.2 0.99 
Small (≤ 17 cm3) 16 1.0 ± 0.1 15 0.9 ± 0.1 15 1.0 ± 0.1 0.85 
Medium (17 cm3 < x ≤ 67 cm3) 18 1.0 ± 0.1 11 0.7 ± 0.2 17 1.1 ± 0.1 0.23 
Large (> 67 cm3) 17 1.0 ± 0.1 14 1.0 ± 0.2 15 1.0 ± 0.1 0.87 
 
 
 
 
Table 20. Volume (cm3) of largest follicle on d 28 postpartum for classes of postpartum interval in 
47 multiparous Brahman cows 
 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 10 1.1 ± 0.1 24 0.9 ± 0.2 13 0.8 ± 0.1 0.15 
 
Total AFC: Low ≤ 82, Intermediate 83 ≤ x ≤ 121, High ≥ 122 
Small AFC: Low ≤ 60, Intermediate 61 ≤ x ≤ 94, High ≥ 95 
Medium AFC: Low ≤ 15, Intermediate 16 ≤ x ≤ 25, High ≥ 26 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 59, Intermediate 41 ≤ x ≤ 59, Short ≤ 40 
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Table 21 summarizes correlations between several factors. The diameter of the 
largest follicle on d 28 postpartum tended to be positively correlated with the change in 
body condition from d 0 (calving) to d 28 postpartum (r = 0.27, P = 0.10). Additionally, 
the diameter of the largest follicle on d 28 postpartum tended to be positively correlated 
with PPI (r = 0.26, P = 0.09). The diameter of the largest follicle on d 28 postpartum was 
positively correlated with the volume of the largest follicle on d 28 postpartum (r = 0.95, 
P < 0.01).  
Total AFC on d 28 postpartum was positively correlated with total AFC on d 8 
post-estrus (r = 0.83, P < 0.01). Additionally, small AFC (r = 0.75, P < 0.01) and 
medium AFC (r = 0.51, P < 0.01) on d 28 postpartum were positively correlated with 
small AFC and medium AFC on d 8 post-estrus, respectively. However, large AFC on d 
28 postpartum was not correlated with large AFC on d 8 post-estrus (P = 0.91) . 
Serum concentrations of IGF-I tended to be positively correlated with medium 
AFC on d 28 postpartum (r = 0.25, P = 0.09). Additionally, plasma concentrations of 
PGFM were positively correlated with the number of large follicles present on d 28 
postpartum (r = 0.37, P = 0.01). 
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Table 21. Correlations between factors affecting postpartum reproductive 
efficiency in 47 multiparous Brahman cows 
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0.13 
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0.22 
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0.29 
(0.06)                      
0.12 
(0.46)
0.35 
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0.13 
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(0.48) 
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0.02 
(0.88) 
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-0.28 
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0.83 
(< 0.01)                    
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PPI (d)  
-0.10 
(0.52) 
0.11 
(0.45) 
   
0.26 
(0.09) 
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Simple regressions were analyzed between various AFC and PPI. As total AFC 
on d 28 postpartum increased, PPI tended to decrease (Figure 1, P = 0.06, Adj.R2 = 0.06, 
PPI = -0.13*d28TotalAFC + 62.26). Total AFC on d 8 post-estrus was positively 
affected by total AFC on d 28 postpartum (Figure 2, P < 0.01, Adj.R2 = 0.68, 
d8TotalAFC = 0.72*d28TotalAFC + 23.27). Small AFC on d 8 post-estrus was 
positively affected by small AFC on d 28 postpartum (Figure 3, P < 0.01, Adj.R2 = 0.56, 
d8SmallAFC = 0.63*d28SmallAFC + 22.74). Medium AFC on d 8 post-estrus was 
positively affected by medium AFC on d 28 postpartum (Figure 4, P < 0.01, Adj.R2 = 
0.26, d8MediumAFC = 0.58*d28MediumAFC + 10.40). Large AFC on d 8 post-estrus 
was not affected by large AFC on d 28 postpartum (Figure 5; P = 0.91).  
To test the practicality of SonoAVC software, simple regressions were analyzed 
between AFC before and after the manual editing process coupled with SonoAVC 
software. Total AFC on d 28 postpartum was positively affected by total AFC as 
determined by SonoAVC software without editing (Figure 6, P < 0.01, Adj.R2 = 0.40, 
d28TotalAFCEdited = 2.45*d28TotalAFCMachine + 57.63). Small AFC on d 28 
postpartum was positively affected by small AFC as determined by SonoAVC software 
without editing (Figure 7, P < 0.01, Adj.R2 = 0.40, d28SmallAFCEdited = 
3.00*d28SmallAFCMachine + 52.31). Medium AFC on d 28 postpartum was positively 
affected by medium AFC as determined by SonoAVC software without editing (Figure 
8, P < 0.01, Adj.R2 = 0.33, d28MediumAFCEdited = 1.64*d28MediumAFCMachine + 
11.52). Large AFC on d 28 postpartum was positively affected by large AFC as 
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determined by SonoAVC software without editing (Figure 9, P < 0.01, Adj.R2 = 0.21, 
d28LargeAFCEdited = 0.48*d28LargeAFCMachine + 1.66). 
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Figure 1. Simple regression relating postpartum interval (d) and total AFC 
on d 28 postpartum for 47 multiparous Brahman cows 
 
Adj.R2 = 0.06, PPI = -0.13*d28TotalAFC + 62.26 
P
P
I 
(d
) 
d 28 postpartum Total AFC 
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Figure 2. Simple regression relating d 8 post-estrus total AFC and d 28 
postpartum total AFC for 47 multiparous Brahman cows 
 
Adj.R2 = 0.68, d8TotalAFC = 0.72*d28TotalAFC + 23.27 
d 28 postpartum Total AFC 
 
d
 8
 p
o
st
-e
st
ru
s 
T
o
ta
l 
A
F
C
 
 40 
 
 
 
 
 
 
 
Figure 3. Simple regression relating d 8 post-estrus small AFC and d 28 
postpartum small AFC for 47 multiparous Brahman cows 
 
Adj.R2 = 0.56, d8SmallAFC = 0.63*d28SmallAFC + 22.74 
d 28 postpartum Small AFC 
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Figure 4. Simple regression relating d 8 post-estrus medium AFC and d 28 
postpartum medium AFC for 47 multiparous Brahman cows 
 
Adj.R2 = 0.26, d8MediumAFC = 0.58*d28MediumAFC + 10.40 
d 28 postpartum Medium AFC 
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Figure 5. Simple regression relating d 8 post-estrus large AFC and d 28 
postpartum large AFC for 47 multiparous Brahman cows 
d 28 postpartum Large AFC 
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Figure 6. Simple regression relating d 28 postpartum total AFC after the 
manual editing process and d 28 postpartum total AFC as determined by 
SonoAVC software for 47 multiparous Brahman cows 
 
Adj.R2 = 0.40, d28TotalAFCEdited = 2.45*d28TotalAFCMachine + 57.63 
d 28 postpartum Total AFC – machine  
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Figure 7. Simple regression relating d 28 postpartum small AFC after the 
manual editing process and d 28 postpartum small AFC as determined by 
SonoAVC software for 47 multiparous Brahman cows 
 
Adj.R2 = 0.40, d28SmallAFCEdited = 3.00*d28SmallAFCMachine 
d 28 postpartum Small AFC – machine  
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Figure 8. Simple regression relating d 28 postpartum medium AFC after the 
manual editing process and d 28 postpartum medium AFC as determined by 
SonoAVC software for 47 multiparous Brahman cows 
 
Adj.R2 = 0.33, d28MediumAFCEdited = 1.64*d28MediumAFCMachine + 
11.52 
d 28 postpartum Medium AFC – machine  
 
d
 2
8
 p
o
st
p
ar
tu
m
 M
ed
iu
m
 A
F
C
 –
 e
d
it
ed
  
 46 
 
 
 
 
 
 
Figure 9. Simple regression relating d 28 postpartum large AFC after the 
manual editing process and d 28 postpartum large AFC as determined by 
SonoAVC software for 47 multiparous Brahman cows 
 
Adj.R2 = 0.21, d28LargeAFCEdited = 0.48*d28LargeAFCMachine + 1.66 
d 28 postpartum Large AFC – machine  
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Multiparous and primiparous Brahman females 
The following results pertain to the entire population consisting of both 
multiparous (n = 47) and primiparous (n = 20) Brahman cattle included in the study. 
Primiparous heifers were included to ensure a population most similar to a commercial 
operation. Table 22 summarizes the means and standard deviations for multiple 
characteristics of the entire population. Table 23 summarizes characteristics of PPI. 
Postpartum interval differed among classes of total (P < 0.01), small (P < 0.01), and 
medium AFC (P = 0.04). Cows classified as having high numbers of total, small, and 
medium follicles had a shorter PPI compared to cows classified as having low numbers 
of total (Table 23; L = 76.2 ± 6.0, I = 61.7 ± 4.5, H = 43.8 ± 6.5), small (Table 23; L = 
74.3 ± 5.6, I = 64.6 ± 4.8, H = 42.9 ± 5.9), and medium (Table 23; L = 72.3 ± 5.5, I = 
59.3 ± 5.8, H = 52.1 ± 5.8) follicles. However, PPI did not differ among classes of large 
AFC (P = 0.81). 
Tables 24 and 25 summarize characteristics of serum concentrations of IGF-I. 
Serum concentrations of IGF-I did not differ among classes of total, small, medium, or 
large AFC (P > 0.05). Serum concentrations of IGF-I did not differ among classes of PPI 
(P = 0.17). However, when classifying PPI into short (n = 41, below the mean) and long 
(n = 25, above the mean) classes, cows having a long PPI tended to have greater serum 
concentrations of IGF-I compared to cows having a short PPI (P = 0.10, S = 140.5 ± 
10.6 ng/mL, L = 168.9 ± 13.6 ng/mL). 
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Table 22. Means and standard deviations for multiple characteristics in 67 
Brahman females 
 Obs. Mean SD 
d 0 cow weight (kg) 43 512.9 46.7 
d 0 cow BCS 43 7.0 0.7 
d 28 cow weight (kg) 66 490.8 46.0 
d 28 cow BCS 61 6.9 0.7 
Change in cow weight d 28 - d 0 (kg) 42 -4.9 15.2 
Change in cow BCS d 28 - d 0 (kg) 41 0.0 0.5 
d 8 cow weight (kg) 66 487.3 46.2 
d 8 cow BCS 66 6.7 0.7 
PPI (d) 66 61.5 27.3 
d 28 postpartum total AFC – machine  66 18.3 9.3 
d 28 postpartum small AFC – machine  66 8.5 6.6 
d 28 postpartum medium AFC – medium  66 5.5 3.6 
d 28 postpartum large AFC – machine  66 4.3 2.2 
d 28 postpartum total AFC – edited  66 93.8 37.6 
d 28 postpartum small AFC – edited  66 71.2 31.8 
d 28 postpartum medium AFC – edited  66 18.6 10.0 
d 28 postpartum large AFC – edited  66 3.7 2.1 
d 28 postpartum diameter of largest follicle (mm) 65 11.9 2.9 
d 28 postpartum volume of largest follicle (cm3) 65 0.9 0.5 
d 8 post-estrus total AFC – machine  62 15.0 9.3 
d 8 post-estrus small AFC – machine  62 7.8 5.7 
d 8 post-estrus medium AFC – machine  62 4.2 3.8 
d 8 post-estrus large AFC – machine  62 3.0 2.4 
d 8 post-estrus total AFC – edited  62 93.0 32.2 
d 8 post-estrus small AFC – edited  62 69.2 26.4 
d 8 post-estrus medium AFC – edited  62 21.0 11.5 
d 8 post-estrus large AFC – edited  62 2.8 1.7 
d 8 post-estrus net CL volume (cm3) 61 5.8 2.2 
d 28 postpartum GH (ng/mL) 39 24.5 17.1 
d 28 postpartum IGF-I (ng/mL) 67 150.9 68.4 
d 28 postpartum insulin (ng/mL) 67 0.4 0.2 
d 28 postpartum PGFM (pg/mL) 67 742.6 389.9 
d 8 post-estrus P4 (ng/mL) 63 2.7 1.1 
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Table 23. Length of postpartum interval (d) for classes of AFC for each follicle category in 67 Brahman 
females 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 19 76.2 ± 6.0 a 32 61.7 ± 4.5 b a 15 43.8 ± 6.5 c < 0.01 
Small (≤ 17 cm3) 21 74.3 ± 5.6 a 27 64.6 ± 4.8 a a 18 42.9 ± 5.9 b < 0.01 
Medium (17 cm3 < x ≤ 67 cm3) 24 72.3 ± 5.5 a 21 59.3 ± 5.8 ab 21 52.1 ± 5.8 b    0.04 
Large (> 67 cm3) 22 59.1 ± 5.9 a 23 64.5 ± 5.9 a a 21 61.2 ± 6.1 a    0.81 
 
 
 
 
 
 
 
 
a-c Means without a common superscript differ within a row (P ≤ 0.05) 
Total AFC: Low ≤ 73, Intermediate 74 ≤ x ≤ 112, High ≥ 113 
Small AFC: Low ≤ 55, Intermediate 56 ≤ x ≤ 87, High ≥ 88 
Medium AFC: Low ≤ 13, Intermediate 14 ≤ x ≤ 23, High ≥ 24 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
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Table 24. Serum concentrations of IGF-I (ng/mL) for classes of AFC within each follicle category at d 28 
postpartum in 67 Brahman females 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 19 137.4 ± 15.7 32 163.7 ± 12.1 15 137.6 ± 17.7 0.31 
Small (≤ 17 cm3) 21 144.6 ± 14.8 27 168.1 ± 13.1 18 129.8 ± 16.0 0.17 
Medium (17 cm3 < x ≤ 67 cm3) 24 162.6 ± 14.0 21 134.6 ± 15.0 21 151.6 ± 15.0 0.40 
Large (> 67 cm3) 22 126.6 ± 14.4 23 157.3 ± 14.1 21 167.1 ± 14.7 0.13 
 
 
 
 
 
Table 25. Serum concentrations of IGF-I (ng/mL) for classes of postpartum interval at d 28 postpartum 
in 67 Brahman females 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 18 177.4 ± 16.0 18 141.4 ± 16.0 30 141.4 ± 12.4 0.17 
 
Total AFC: Low ≤ 73, Intermediate 74 ≤ x ≤ 112, High ≥ 113 
Small AFC: Low ≤ 55, Intermediate 56 ≤ x ≤ 87, High ≥ 88 
Medium AFC: Low ≤ 13, Intermediate 14 ≤ x ≤ 23, High ≥ 24 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 76, Intermediate 48 ≤ x ≤ 75, Short ≤ 47 
 51 
 
Tables 26 and 27 summarize characteristics of serum concentrations of insulin. 
Serum concentrations of insulin differed among classes of total AFC (P = 0.03). Cows 
classified as having high numbers of total follicles had greater serum concentrations of 
insulin compared to cows having low or intermediate numbers of total follicles (Table 
26; L = 0.33 ± 0.05 ng/mL, I = 0.39 ± 0.04 ng/mL, H = 0.52 ± 0.05 ng/mL). Serum 
concentrations of insulin tended to differ among classes of medium AFC (P = 0.08) 
Cows classified as having high numbers of medium follicles tended to have greater 
serum concentrations of insulin compared to cows classified as having low or 
intermediate numbers of medium follicles (Table 26; L = 0.37 ± 0.04 ng/mL, I = 0.36 ± 
0.04 ng/mL, H = 0.49 ± 0.04 ng/mL). Serum concentrations of insulin did not differ 
among classes of small or large AFC (P > 0.05). Additionally, there was no difference in 
serum concentrations of insulin among classes of PPI (P = 0.23). 
Tables 28 and 29 summarize characteristics of plasma concentrations of PGFM. 
There were no differences in plasma concentrations of PGFM among classes of total, 
small, and medium AFC (P > 0.05). However, plasma concentrations of PGFM differed 
among classes of large AFC (P = 0.01). Cows classified as having high numbers of large 
follicles had greater plasma concentrations of PGFM compared to cows classified as 
having low and intermediate numbers of large follicles (Table 28; L = 690.4 ± 78.8 
pg/mL, I = 618.0 ± 77.0 pg/mL, H = 950.0 ± 80.6 pg/mL). Short, intermediate, and long 
classes of PPI did not differ in plasma concentrations of PGFM (P = 0.48).  
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Table 26. Serum concentrations of insulin (ng/mL) for classes of AFC within each follicle category at d 28 
postpartum in 67 Brahman females 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 19 0.33 ± 0.05 a 32 0.39 ± 0.04 a 15 0.52 ± 0.05 b 0.03 
Small (≤ 17 cm3) 21 0.35 ± 0.04 a 27 0.40 ± 0.04 a 18 0.49 ± 0.05 a 0.15 
Medium (17 cm3 < x ≤ 67 cm3) 24 0.37 ± 0.04 x 21 0.36 ± 0.04 x 21 0.49 ± 0.04 y 0.08 
Large (> 67 cm3) 22 0.37 ± 0.04 a 23 0.47 ± 0.04 a 21 0.36 ± 0.04 a 0.18 
 
 
 
 
 
Table 27. Serum concentrations of insulin (ng/mL) for classes of postpartum interval at d 28 postpartum 
in 67 Brahman females 
 
PPI Class 
P - value 
 
Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 18 0.34 ± 0.05 18 0.40 ± 0.05 30 0.45 ± 0.04 0.23 
 
a-c Means without a common superscript differ within a row (P ≤ 0.05) 
x-z Means without a common superscript tend to differ within a row (0.05 ≤ P ≤ 0.1) 
Total AFC: Low ≤ 73, Intermediate 74 ≤ x ≤ 112, High ≥ 113 
Small AFC: Low ≤ 55, Intermediate 56 ≤ x ≤ 87, High ≥ 88 
Medium AFC: Low ≤ 13, Intermediate 14 ≤ x ≤ 23, High ≥ 24 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 76, Intermediate 48 ≤ x ≤ 75, Short ≤ 47 
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Table 28. Plasma concentrations of PGFM (pg/mL) for classes of AFC within each follicle category at d 28 
postpartum in 67 Brahman females  
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 19 711.0 ± 91.5 a 32 791.8 ± 69.7 a 15 700.3 ± 101.8 0.68 
Small (≤ 17 cm3) 21 738.0 ± 85.7 a 27 807.5 ± 75.6 a 18 669.7 ± 92.5 a 0.51 
Medium (17 cm3 < x ≤ 67 cm3) 24 674.3 ± 80.0 a 21 813.2 ± 85.5 a 21 760.3 ± 85.5 a 0.46 
Large (> 67 cm3) 22 690.4 ± 78.8 a 23 618.0 ± 77.0 a 21 950.0 ± 80.6 b 0.01 
 
 
 
 
 
Table 29. Plasma concentrations of PGFM (pg/mL) for classes of postpartum interval at d 28 
postpartum in 67 Brahman females 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 18 659.5 ± 92.6 18 716.5 ± 92.6 30 799.4 ± 71.8 0.48 
 
a-c Means without a common superscript differ within a row (P ≤ 0.05) 
Total AFC: Low ≤ 73, Intermediate 74 ≤ x ≤ 112, High ≥ 113 
Small AFC: Low ≤ 55, Intermediate 56 ≤ x ≤ 87, High ≥ 88 
Medium AFC: Low ≤ 13, Intermediate 14 ≤ x ≤ 23, High ≥ 24 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 76, Intermediate 48 ≤ x ≤ 75, Short ≤ 47 
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Tables 30 and 31 summarize characteristics of serum concentrations of 
progesterone. On d 8 post-estrus, serum concentrations of progesterone did not differ 
among classes of total, small, medium, and large AFC (P > 0.05). Similarly, serum 
concentrations of progesterone on d 8 post-estrus did not differ among classes of PPI (P 
= 1.00). 
Tables 32 and 33 summarize characteristics of net volume of the corpus luteum 
on d 8 post-estrus. Net volume of the corpus luteum did not differ among classes of total, 
small, medium, and large AFC (P > 0.05). Similarly, net volume of the corpus luteum on 
d 8 post-estrus did not differ among classes of PPI (P = 0.80).  
Tables 34 and 35 summarize characteristics of the diameter of the largest follicle 
at d 28 postpartum. The diameter of the largest follicle on d 28 postpartum did not differ 
among classes of total, small, medium, and large AFC (P > 0.05). Similarly, the 
diameter of the largest follicle on d 28 postpartum did not differ among classes of PPI (P 
= 0.13). However, when classifying PPI into short (n = 41, below the mean), or long (n = 
25, above the mean) classes, the diameter of the largest follicle on d 28 postpartum was 
larger in cows classified as having a short compared to a long PPI (P = 0.02, S = 12.6 ± 
0.5 mm, L = 10.9 ± 0.6 mm).  
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Table 30. Serum concentrations of progesterone (ng/mL) on d 8 post-estrus for classes of AFC within each 
follicle category in 67 Brahman females  
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 19 2.8 ± 0.3 32 2.8 ± 0.2 15 2.6 ± 0.3 0.87 
Small (≤ 17 cm3) 21 2.7 ± 0.3 27 2.9 ± 0.2 18 2.6 ± 0.3 0.56 
Medium (17 cm3 < x ≤ 67 cm3) 24 2.9 ± 0.2 21 2.6 ± 0.2 21 2.7 ± 0.2 0.60 
Large (> 67 cm3)  22 2.6 ± 0.2 23 2.9 ± 0.2 21 2.7 ± 0.2 0.73 
 
 
 
 
Table 31. Serum concentrations of progesterone (ng/mL) on d 8 post-estrus for classes of postpartum 
interval in 67 Brahman females 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 18 2.7 ± 0.3 18 2.7 ± 0.3 30 2.7 ± 0.2 1.00 
 
 
Total AFC: Low ≤ 73, Intermediate 74 ≤ x ≤ 112, High ≥ 113 
Small AFC: Low ≤ 55, Intermediate 56 ≤ x ≤ 87, High ≥ 88 
Medium AFC: Low ≤ 13, Intermediate 14 ≤ x ≤ 23, High ≥ 24 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 76, Intermediate 48 ≤ x ≤ 75, Short ≤ 47 
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Table 32. Net volume (cm3) of corpus luteum on d 8 post-estrus for classes of AFC within each follicle 
category in 67 Brahman females 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 19 5.4 ± 0.5 32 5.7 ± 0.4 15 6.6 ± 0.6 0.31 
Small (≤ 17 cm3) 21 5.3 ± 0.5 27 5.7 ± 0.4 18 6.5 ± 0.5 0.27 
Medium (17 cm3 < x ≤ 67 cm3) 24 5.9 ± 0.5 21 5.6 ± 0.5 21 5.9 ± 0.5 0.85 
Large (> 67 cm3) 22 5.2 ± 0.5 23 6.0 ± 0.5 21 6.2 ± 0.5 0.32 
 
 
 
 
Table 33. Net volume (cm3) of corpus luteum on d 8 post-estrus for classes of postpartum interval in 67 
Brahman females 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 18 5.5 ± 0.6 18 5.7 ± 0.5 30 6.0 ± 0.4 0.80 
 
 
Total AFC: Low ≤ 73, Intermediate 74 ≤ x ≤ 112, High ≥ 113 
Small AFC: Low ≤ 55, Intermediate 56 ≤ x ≤ 87, High ≥ 88 
Medium AFC: Low ≤ 13, Intermediate 14 ≤ x ≤ 23, High ≥ 24 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 76, Intermediate 48 ≤ x ≤ 75, Short ≤ 47 
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Table 34. Diameter (mm) of largest follicle on d 28 postpartum for classes of AFC within each follicle 
category in 67 Brahman females  
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 19 12.3 ± 0.7 32 11.8 ± 0.5 15 11.7 ± 0.8 0.77 
Small (≤ 17 cm3) 21 12.2 ± 0.6 27 11.7 ± 0.6 18 12.0 ± 0.7 0.83 
Medium (17 cm3 < x ≤ 67 cm3) 24 12.0 ± 0.6 21 11.5 ± 0.6 21 12.3 ± 0.7 0.66 
Large (> 67 cm3) 22 11.8 ± 0.6 23 11.4 ± 0.6 21 12.7 ± 0.6 0.35 
 
 
 
 
Table 35. Diameter (mm) of largest follicle on d 28 postpartum for classes of postpartum interval in 67 
Brahman females 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 18 10.9 ± 0.7 18 11.8 ± 0.7 30 12.7 ± 0.5 0.13 
 
 
Total AFC: Low ≤ 73, Intermediate 74 ≤ x ≤ 112, High ≥ 113 
Small AFC: Low ≤ 55, Intermediate 56 ≤ x ≤ 87, High ≥ 88 
Medium AFC: Low ≤ 13, Intermediate 14 ≤ x ≤ 23, High ≥ 24 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
PPI: Long ≥ 76, Intermediate 48 ≤ x ≤ 75, Short ≤ 47 
 58 
 
Tables 36 and 37 summarize characteristics of the volume of the largest follicle 
on d 28 postpartum. There were no differences in the volume of the largest follicle on d 
28 postpartum among classes of total, small, medium, and large AFC (P > 0.05). The 
volume of the largest follicle on d 28 postpartum tended to differ among classes of PPI 
(P = 0.07). The volume of the largest follicle on d 28 tended to be greater for cows 
classified as having a short PPI compared to cows classified as having a long PPI (Table 
37; S = 1.0 ± 0.1 cm3, I = 0.8 ± 0.1 cm3, L = 0.6 ± 0.1 cm3). Additionally, when 
classifying PPI into short (n = 41, below the mean) and long (n = 25, above the mean) 
classes, the volume of the largest follicle on d 28 postpartum was greater for cows 
classified as having a short PPI compared to cows classified as having a long PPI (P < 
0.01, S = 1.0 ± 0.1 cm3, L = 0.6 ± 0.1 cm3).  
Table 38 summarizes correlations between several characteristics within the 
population. Postpartum interval was negatively correlated with cow body weight (r = -
0.49, P < 0.01) and BCS (r = -0.34, P < 0.01) on d 28 postpartum. Additionally, total (r 
= -0.38, P < 0.01), small (r = -0.37, P < 0.01), and medium (r = -0.27, P = 0.03) AFC on 
d 28 postpartum were negatively correlated with PPI. In contrast, large AFC on d 28 
postpartum was not correlated with PPI (P = 0.80) 
Total AFC was positively correlated with small (r = 0.96, P < 0.01) and medium 
AFC (r = 0.73, P < 0.01) on d 28 postpartum. However, total AFC was not correlated 
with large AFC on d 28 postpartum (P = 0.52). Large AFC on d 28 postpartum was 
positively correlated with the change in cow body weight from calving to d 28 
postpartum (r = 0.35, P = 0.02). 
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Table 36. Volume (cm3) of largest follicle on d 28 post-calving for classes of AFC within each follicle 
category in 67 Brahman females 
 AFC Class 
P - value  Low Intermediate High 
Follicle category No. Mean ± SE No. Mean ± SE No. Mean ± SE 
Total 19 0.9 ± 0.1 32 0.8 ± 0.1 15 0.9 ± 0.1 0.89 
Small (≤ 17 cm3) 21 0.8 ± 0.1 27 0.8 ± 0.1 18 0.9 ± 0.1 0.71 
Medium (17 cm3 < x ≤ 67 cm3) 24 0.8 ± 0.1 21 0.8 ± 0.1 21 1.0 ± 0.1 0.35 
Large (> 67 cm3) 22 0.8 ± 0.1 23 0.8 ± 0.1 21 0.9 ± 0.1 0.59 
 
 
 
 
Table 37. Volume (cm3) of largest follicle on d 28 post-calving for classes of postpartum interval in 67 
Brahman females 
 PPI Class 
P - value  Long Intermediate Short 
  No. Mean ± SE No. Mean ± SE No. Mean ± SE 
PPI 18 0.6 ± 0.1 x 18 0.8 ± 0.1 xy 30 1.0 ± 0.1 y 0.07 
 
 
Total AFC: Low ≤ 73, Intermediate 74 ≤ x ≤ 112, High ≥ 113 
Small AFC: Low ≤ 55, Intermediate 56 ≤ x ≤ 87, High ≥ 88 
Medium AFC: Low ≤ 13, Intermediate 14 ≤ x ≤ 23, High ≥ 24 
Large AFC: Low ≤ 2, Intermediate 3 ≤ x ≤ 4, High ≥ 5 
x-z Means without a common superscript tend to differ within a row (0.05 ≤ P ≤ 0.1) 
PPI: Long ≥ 76, Intermediate 48 ≤ x ≤ 75, Short ≤ 47 
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Both the diameter as well as the volume of the largest follicle on d 28 postpartum 
were positively correlated with cow body weight on d 28 postpartum (r = 0.42, P < 
0.01). As expected, the diameter and volume of the largest follicle on d 28 postpartum 
were positively correlated (r = 0.95, P < 0.01). 
Total AFC on d 28 postpartum was positively correlated with total AFC on d 8 
post-estrus (r = 0.82, P < 0.01). Additionally, small and medium AFC on d 28 
postpartum were positively correlated with small (r = 0.76, P < 0.01,) and medium AFC 
(r = 0.49, P < 0.01) on d 8 post-estrus, respectively. However, large AFC on d 28 
postpartum was not correlated with large AFC on d 8 post-estrus (P = 0.71). The net 
volume of the corpus luteum present on d 8 post-estrus tended to be positively correlated 
with total (r = 0.24, P = 0.06) and small AFC (r = 0.24, P = 0.06) on d 28 postpartum.  
Serum concentrations of IGF-I on d 28 postpartum were positively correlated 
with PPI (r = 0.30, P = 0.01). Serum concentrations of insulin were positively correlated 
with total (r = 0.27, P = 0.03), small (r = 0.24, P = 0.05), and medium AFC (r = 0.27, P 
= 0.03) on d 28 postpartum. Additionally, serum concentrations of insulin tended to be 
positively correlated with the volume of the largest follicle on d 28 postpartum (r = 0.21, 
P = 0.09). Plasma concentrations of PGFM were positively correlated with large AFC on 
d 28 postpartum (r = 0.26, P = 0.04).  
 
 61 
 
Table 38. Correlations between factors affecting postpartum reproductive efficiency in 67 Brahman females 
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Simple regressions were analyzed between various AFC and PPI. As total AFC 
on d 28 postpartum increased, PPI decreased (Figure 10, P < 0.01, Adj.R2 = 0.13, PPI = -
0.28*d28TotalAFC + 87.60). Total AFC on d 8 post-estrus was positively affected by 
total AFC on d 28 postpartum (Figure 11, P < 0.01, Adj.R2 = 0.66, d8TotalAFC = 
0.69*d28TotalAFC + 26.83). Small AFC on d 8 post-estrus was positively affected by 
small AFC on d 28 postpartum (Figure 12, P < 0.01, Adj.R2 = 0.55, d8SmallAFC = 
0.61*d28SmallAFC + 25.19). Medium AFC on d 8 post-estrus was positively affected 
by medium AFC on d 28 postpartum (Figure 13, P < 0.01, Adj.R2 = 0.23, 
d8MediumAFC = 0.57*d28MediumAFC + 10.19). Large AFC on d 8 post-estrus was 
not affected by large AFC on d 28 postpartum (Figure 14; P = 0.91). 
To test the practicality of SonoAVC software, simple regressions were analyzed 
between AFC before and after the manual editing process coupled with SonoAVC 
software. Total AFC on d 28 postpartum was positively affected by total AFC as 
determined by SonoAVC software without editing (Figure 15, P < 0.01, Adj.R2 = 0.33, 
d28TotalAFCEdited = 2.37*d28TotalAFCMachine + 50.34). Small AFC on d 28 
postpartum was positively affected by small AFC as determined by SonoAVC software 
without editing (Figure 16, P < 0.01, Adj.R2 = 0.30, d28SmallAFCEdited = 
2.68*d28SmallAFCMachine + 48.40). Medium AFC on d 28 postpartum was positively 
affected by medium AFC as determined by SonoAVC software without editing (Figure 
17, P < 0.01, Adj.R2 = 0.32, d28MediumAFCEdited = 1.59*d28MediumAFCMachine + 
9.91). Large AFC on d 28 postpartum was positively affected by large AFC as 
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determined by SonoAVC software without editing (Figure 18, P < 0.01, Adj.R2 = 0.27, 
d28LargeAFCEdited = 0.49*d28LargeAFCMachine + 1.60). 
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Figure 10. Simple regression relating postpartum interval (d) and total 
AFC on d 28 postpartum for 67 Brahman females 
 
Adj.R2 = 0.13, PPI = -0.28*d28TotalAFC + 87.60 
d 28 postpartum Total AFC 
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Figure 11. Simple regression relating d 8 post-estrus total AFC and d 28 
postpartum total AFC for 67 Brahman females 
 
Adj.R2 = 0.66, d8TotalAFC = 0.69*d28TotalAFC + 26.83 
d 28 postpartum Total AFC 
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Figure 12. Simple regression relating d 8 post-estrus small AFC and d 28 
postpartum small AFC for 67 Brahman females 
 
Adj.R2 = 0.55, d8SmallAFC = 0.61*d28SmallAFC + 25.19 
d 28 postpartum Small AFC 
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Figure 13. Simple regression relating d 8 post-estrus medium AFC and d 28 
postpartum medium AFC for 67 Brahman females 
 
Adj.R2 = 0.23, d8MediumAFC = 0.57*d28MediumAFC + 10.19 
d 28 postpartum Medium AFC 
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Figure 14. Simple regression relating d 8 post-estrus large AFC and d 28 
postpartum large AFC 67 Brahman females 
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Figure 15. Simple regression relating d 28 postpartum total AFC after the 
manual editing process and d 28 postpartum total AFC as determined by 
SonoAVC software for 67 Brahman females 
 
Adj.R2 = 0.33, d28TotalAFCEdited = 2.37*d28TotalAFCMachine + 50.34 
d 28 postpartum Total AFC – machine  
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Figure 16. Simple regression relating d 28 postpartum small AFC after the 
manual editing process and d 28 postpartum small AFC as determined by 
SonoAVC software for 67 Brahman females 
 
Adj.R2 = 0.30, d28SmallAFCEdited = 2.68*d28SmallAFCMachine + 48.40 
d 28 postpartum Small AFC – machine  
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Figure 17. Simple regression relating d 28 postpartum medium AFC after 
the manual editing process and d 28 postpartum medium AFC as determined 
by SonoAVC software for 67 Brahman females 
 
Adj.R2 = 0.32, d28MediumAFCEdited = 1.59*d28MediumAFCMachine + 
9.91 
d 28 postpartum Medium AFC – machine  
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Figure 18. Simple regression relating d 28 postpartum large AFC after the 
manual editing process and d 28 postpartum large AFC as determined by 
SonoAVC software for 67 Brahman females 
 
Adj.R2 = 0.27, d28LargeAFCEdited = 0.49*d28LargeAFCMachine + 1.60 
 
d 28 postpartum Large AFC – machine  
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Discussion  
The results of the present study demonstrate that negative relationships between 
AFC and PPI exist in Brahman females. Previous studies have specified a relationship 
between follicular activity and the length of the PPI. However, these studies focused on 
the number of large sized follicles (Oliveira et al., 2002; Rocha et al., 2015) or utilized 
European breeds of cattle (Mossa et al., 2012; McNeel and Cushman, 2015; Martinez et 
al., 2016). Additionally, AFC was previously determined by conventional two-
dimensional ultrasound; therefore, AFC was limited to follicles measuring ≥ 2 to 3 mm 
depending on the technician (Mossa et al., 2012; McNeel and Cushman, 2015; Rocha et 
al., 2015; Martinez et al., 2016).  
Recognizing that Bos indicus cattle generally have greater numbers of antral 
follicles compared to European breeds of cattle (Segerson et al., 1984), and that 
European cattle with greater numbers of follicles had a shorter PPI (Mossa et al., 2012; 
McNeel and Cushman, 2015; Martinez et al., 2016), a relationship between total AFC 
and PPI was expected. In the present study, multiparous cows with greater total AFC had 
a shorter PPI compared to cows with fewer total AFC. When the population included 
both multiparous and primiparous cattle, this significance was maintained. A large 
percentage of countable antral follicles on the postpartum ovary of European influenced 
cows measured from 2 to 3 mm in diameter (Singh et al., 2004), implying the 
importance of follicles classified as small (< 17 mm3) in this experiment. In the present 
study, cows with greater numbers of small follicles had a shorter PPI compared to cows 
with fewer small follicles. This trend was notably significant when heifers were added 
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into the population. Surprisingly, cows and heifers with greater numbers of medium 
follicles had a shorter PPI compared to cows and heifers with fewer medium follicles. 
This outcome was not observed when the population included multiparous cows only. 
However, knowing that the total number of follicles starts to decline from 4 to 6 years of 
age in the cow (Erickson, 1966), Brahman heifers may have greater numbers of follicles 
that grow to reach the medium size at any one point of the estrous cycle compared to 
older cows, attributing to this difference. However, one consistency in both populations 
was that PPI did not differ between cattle with varying numbers of large follicles.  
While there was no relationship between the number of large follicles during the 
postpartum period and PPI, the importance of maximum follicular diameter was 
demonstrated in the present study. Similar to results of Rocha et al. (2015), cows and 
heifers with a short PPI (≤ 47 d) had a larger maximum follicular diameter on d 28 
postpartum compared to cows and heifers with a long PPI (≥ 76 d), in the present study. 
While maximum follicular diameter has been negatively correlated with PPI in Brahman 
females (Rocha et al., 2015), the present study was unable to confirm these results. 
Previous studies have reported the importance of PGFM as a regulator of PPI 
(Randel et al., 1988; Tolleson and Randel, 1988; Velez and Randel, 1993). In the present 
study, there was no association between plasma concentrations of PGFM and PPI. 
However, each female included in the present study was subjected to ultrasonography on 
d 28 postpartum which involved uterine manipulation. Uterine manipulation seemingly 
releases endogenous prostaglandin, leading to a shorter PPI (Tolleson and Randel, 
1988). Therefore, each female in the present study was exposed to a surge of 
 75 
 
prostaglandin in the early postpartum period and significant differences across classes of 
PPI cannot be expected. Interestingly, cows with greater large AFC had increased 
plasma concentrations of PGFM compared to cows with fewer large AFC. This same 
significant relationship was demonstrated when the population included both cows and 
heifers. 
Previous studies have demonstrated relationships between endocrinological 
factors and PPI. More specifically, an increase of circulating IGF-I by 1 ng/mL 
corresponded to a decrease in PPI by 0.13 d (Strauch et al., 2001). The present study was 
unable to demonstrate this same relationship. However, blood serum samples were 
collected only once during the postpartum period, on d 28, so these results may not 
support previous research. Multiple collections may have allowed for stronger or 
different relationships between endocrinological factors and PPI. 
While AFC is highly variable between cows (Erickson, 1966; Burns et al., 2005; 
Cushman et al., 2009; Jimenez-Krassel et al., 2009), it is highly repeatable within 
follicular waves of the same or different estrous cycles in a given cow (Burns et al., 
2005). However, Burns et al. (2005) utilized estrous cyclic dairy cows. The present study 
demonstrated that AFC on d 28 postpartum, during postpartum anestrus, affects and is 
positively correlated with AFC on d 8 post-estrus, within a reproductive cycle in 
Brahman females. As the number of total follicles increased on d 28 postpartum, the 
number of total follicles increased on d 8 post-estrus. More specifically, the present 
study demonstrated that AFC of specific size categories on d 28 postpartum affect and 
are positively correlated with AFC of the respective size category on d 8 post-estrus. 
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Such that, as the number of small or medium follicles increased on d 28 postpartum, the 
number of small or medium follicles increased on d 8 post-estrus, respectively. 
However, this observation was not demonstrated when analyzing the number of large 
follicles present on d 28 postpartum and d 8 post-estrus. These same relationships were 
demonstrated when the population included both multiparous and primiparous cattle. 
These results support previous studies that demonstrated repeatability of AFC when 
small follicles were recorded consistently and carefully (Starbuck-Clemmer et al., 2007) 
and correlations between the number of small follicles present at different points of a 
single follicular wave (Singh et al., 2004).  
Insulin-like Growth Factor-I has been demonstrated to play a critical role in 
follicular growth and development, as it stimulates the proliferation of granulosa cells 
within the follicle (Fortune et al., 2001). More specifically, Buratini et al. (2000) 
demonstrated that Bos indicus cattle treated with exogenous GH demonstrated increased 
peripheral concentrations of IGF-I and a 36% increase in the number of follicles 
measuring < 5 mm in diameter, as determined using a two-dimensional ultrasound, 
compared to untreated cattle. As mentioned previously, Bos indicus cattle have greater 
numbers of antral follicles overall when compared to Bos taurus cattle (Segerson et al., 
1984). Additionally, Brahman cattle have greater peripheral concentrations of IGF-I 
when compared to Angus cattle (Simpson et al., 1994; Caldwell et al., 2011). In the 
present study, there was no difference in serum concentrations of IGF-I between 
Brahman cows and heifers with greater numbers of total or small follicles compared to 
cows and heifers with fewer numbers of total or small follicles. Previous studies have 
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shown that large follicles have greater follicular concentrations of IGF-I when compared 
to small or medium follicles (Spicer and Enright, 1991). Additionally, concentrations of 
insulin-like growth factor binding protein-4 (IGF-4) are lower in follicular fluid of future 
dominant follicles compared to subordinate follicles, allowing for increased 
concentrations of free IGF-I (Mihm et al., 2000). Perhaps follicular development into the 
large size category (> 67 mm3) of the present study is more dependent on 
endocrinological factors; therefore, is not considered to be repeatable between stages of 
production. In the present study, Brahman females with greater numbers of total follicles 
had greater serum concentrations of insulin compared to females with fewer numbers of 
total follicles. Perhaps serum concentrations of insulin are related to the number of 
follicles present while serum concentrations of IGF-I are related to the size of the 
follicles present. However, as mentioned previously, since blood serum was collected at 
a single time point during the postpartum period, on d 28, results may not be indicative 
of true biological relationships.  
Practicality is critical to most beef production operations. If a new technology is 
not deemed cost effective or won’t save time and/or labor, it is not feasible to implement 
into most operations. Therefore, the present study demonstrated the ability of 3D 
ultrasonography and SonoAVC software to determine total AFC as well as AFC of 
specific size categories without editing ultrasound images from d 28 postpartum. As 
total, small, medium, and large AFC as read by SonoAVC software increased, edited 
total, small, medium, and large AFC increased. However, while SonoAVC software was 
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able to predict edited AFC, correlations between AFC as determined by SonoAVC 
software and PPI were not demonstrated by the current study. 
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CHAPTER III 
CONCLUSIONS 
 
In conclusion, populations of total, small, and medium follicles may be indicative 
of the length of the PPI in both multiparous and primiparous Brahman cattle. From a 
managerial standpoint, populations of total, small, and medium follicles are consistent 
within a cow at two different stages of production. With further research and additional 
data, these relationships may assist in determining selection criteria set in place by a 
commercial operation at weaning or yearling culling in order to decide which females to 
keep as replacements. Furthermore, these relationships may assist in determining which 
females to subject to estrous synchronization, artificial insemination, or embryo transfer 
protocols. Additionally, based on these data, managerial decisions can be made at any 
point of the estrous cycle, before the cost of synchronization or breeding is added to an 
operation. Therefore, cost of production could be decreased, more efficient animals 
could be produced, and production operations could be more successful with the 
adoption of this technique. Further research is needed to establish potential biomarkers 
of AFC to allow for a more practical and time-efficient indicator of fertility in Brahman 
females. 
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APPENDIX A 
13,14-dihydro-15-keto Prostaglandin F2α ELISA – Cayman Chemical 
1. Prepare ELISA Buffer 
a. Dilute ELISA Buffer Concentrate (10X) with 90 mL DD H2O 
2. Prepare Wash Buffer 
a. Dilute 5 mL Wash Buffer Concentrate (400X) with 1950 mL DD H2O 
b. Add 2.5 mL Polysorbate 20 
3. Prepare Samples 
a. Dilute 40 µL plasma with 160 µL ELISA Buffer (1:5) 
4. Prepare Standards 
a. Dilute 100 µL of stock standard with 900 µL DD H2O – bulk standard 
b. Dilute 100 µL of bulk standard with 900 µL ELISA Buffer 
c. Serially dilute to prepare standards 2 – 8  
5. Prepare Tracer 
a. Reconstitute tracer with 6 mL ELISA Buffer 
6. Prepare Antiserum 
a. Reconstitute antiserum with 6 mL ELISA Buffer 
7. Performing Assay 
a. Add 100 µL ELISA Buffer to NSB wells 
b. Add 50 µL ELISA Buffer to B0 wells 
c. Add 50 µL of each standard to standard wells in duplicate 
d. Add 50 µL of samples to sample wells in duplicate 
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e. Add 50 µL Tracer to each well – except TA and blank wells 
f. Add 50 µL Antiserum to each well – except TA, NSB, and blank wells 
g. Incubate covered plate for 18 hours at 4˚C 
h. Reconstitute Ellman’s Reagent with 20 mL DD H2O (immediately before 
use) 
i. Empty wells and rinse 5X with Wash Buffer 
j. Add 200 µL Ellman’s Reagent to each well 
k. Add 5 µL Tracer to TA wells 
l. Develop plate on orbital shaker in dark for 90 minutes 
m. Read at 405 to 420 nm and use AssayZap (BIOSOFT) program on lab 
computer to determine concentration of unknowns 
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APPENDIX B 
Ovine Insulin ELISA – ALPCO 
1. Prepare Conjugate 
a. Dilute 0.9 mL conjugate stock (11X) with 9 mL conjugate buffer 
2. Prepare Wash Buffer 
a. Dilute 20 mL Wash Buffer Concentrate (21X) with 400 mL DD H2O 
3. Prepare Controls 
a. Reconstitute Controls 2 and 3 with 2 mL DD H2O 
4. Performing Assay 
a. Add 25 µL of each standard, control, and sample to their respective wells 
in duplicate 
b. Add 75 µL of Conjugate in each well 
c. Incubate for 2 hours at room temperature shaking at 700-900 rpms 
d. Empty wells and rinse 6X with Wash Buffer 
e. Add 100 µL TMB Substrate to each well 
f. Incubate for 15 minutes at room temperature shaking at 700-900 rpms 
g. Add 100 µL Stop Solution to each well 
h. Read at 450 nm and use AssayZap (BIOSOFT) program on lab computer 
to determine concentration of unknowns 
 
 
  
 91 
 
APPENDIX C 
IGF-I ELISA – ALPCO 
1. Prepare Standards and Controls 
a. Reconstitute with 500 µL Sample Buffer PP 
b. Dilute Controls (1:21) with Sample Buffer PP 
2. Prepare Wash Buffer WP 
a. Dilute Wash Buffer concentration (1:20) with DD H2O 
3. Prepare Samples 
a. Dilute samples (1:21) with Sample Buffer PP 
4. Performing Assay 
a. Add 80 µL Antibody Conjugate AK to all wells 
b. Add duplicate 20 µL aliquots of standards, controls, and samples to their 
respective wells in duplicate 
c. Incubate for 1 hour at room temperature shaking at 350 rpm 
d. Empty wells and rinse 5X with Wash Buffer WP 
e. Add 100 µL of Enzyme Conjugate EK to each well 
f. Incubate for 30 minutes at room temperature shaking at 350 rpm 
g. Empty wells and rinse 5X with Wash Buffer WP 
h. Add 100 µL of Substrate Solution S to each well 
i. Incubate for 15 minutes in the dark at room temperature 
j. Add 100 µL of Stop Solution SL to each well 
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k. Read at 450 nm and use AssayZap (BIOSOFT) program on lab computer 
to determine concentration of unknowns   
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APPENDIX D 
Bovine Growth Hormone ELISA – MyBioSource.com 
1. Prepare Wash Buffer 
a. Dilute 15 mL of Wash Buffer Concentration with 285 mL DD H2O 
2. Performing Assay 
a. Add 50 µL of standards and samples to their respective wells in duplicate 
b. Add 50 µL HRP-conjugate to each well – except blank well 
c. Add 50 µL Antibody to each well 
d. Incubate for 1 hour at 37˚C 
e. Empty wells and rinse 3X with Wash Buffer 
f. Add 50 µL Substrate A to each well 
g. Add 50 µL Substrate B to each well 
h. Incubate for 15 minutes at 37˚C in the dark 
i. Add 50 µL of Stop Solution to each well 
j. Read at 450 nm and use AssayZap (BIOSOFT) program on lab computer 
to determine concentration of unknowns 
  
 94 
 
APPENDIX E 
Progesterone RIA – MP Biomedicals 
1. Add 100 µL of each standard, control, and sample to their respective coated tube 
2. Add 1.0 mL of Progesterone-125I to all tubes and vortex 
3. Incubate all tubes in water set at 37˚C for 2 hours 
4. Decant contents of tubes and blot on absorbent paper 
5. Count tubes for 1 minute in gamma counter to determine concentration of 
unknowns 
 
 
 
 
 
